This study examined the changes in age at first oestrus, the weaning-to-oestrus interval (WEI), and duration of oestrus (DE) in a Yorkshire sow population during two years of adaptation from a northern (55°48′N, 9°13′W) European region to a southern (44°03′N, 23°35′W) one. The adaptation process induced a grouping effect of gilts around the mean age of the onset of puberty. Autumn and spring were characterized by the most enhanced gilt grouping effect at 201 to 210 days of age. The same effect was found for oestrus duration, which declined from a 12-to 96-hour range in the first year to an 18-to 90-hour range in the second year. The mean age of first oestrus was 0.8 days significantly lower in the second year compared with the first; the maximal lowering (1.7 days) occurred in the winter season. The WEI decreased significantly from the first to the second year in all four seasons, by a mean annual value of 0.88 days (15.9%). DE increased by 6.5 hours (significantly for all seasons) from the first year to the next. DE showed an ascending evolution from winter to spring and descending from summer to autumn, during each monitored year. Adaptation influences the oestrus in sows. The age to puberty and WEI tended to decrease, while DE tended to increase, with a simultaneous decrease in the variability of these oestrus parameters. ______________________________________________________________________________________
Introduction
Translocation of pigs between climatic regions has an effect on the physiological status of the animals through exposure to stressors (Bernabucci et al., 2010) . Translocated animals need an adaptation period to acclimatize to these new conditions. Adaptation involves phenotypic and genetic changes that reduce the physiological trauma produced by stressful components (e.g. temperature and photoperiodicity) of the total (natural and controlled) environment (Bernabucci et al., 2010) . Adaptation takes place continuously over the lifetime of an animal or over several generations, whereas seasonality has a well-known but complex effect on the reproductive physiology of the pig (Peltoniemi et al., 2000; Gourdine et al., 2006) . The seasonal effects on the reproductive performance of domestic sows were described many years ago, with a period of infertility during summer and early autumn (Hutchens et al., 1978; Hurtgen et al., 1980; Somade & Makinde, 1985) . This incorporates common manifestations of decreased reproductive parameters, including delayed puberty in gilts, prolonged WEI, lower farrowing rate, and reduced litter size (Tummaruk et al., 2004; Chokoe & Siebrits, 2009 ). These influences are induced primarily by photoperiod and climatic variations, especially temperature.
Aside from environmental factors, hormonal (e.g. melatonin profile) and genetic factors are important elements in seasonal variations of reproductive parameters in sows (Gourdine et al., 2006; Chokoe & Siebrits, 2009 ). Knox & Zas (2001) and Knox et al. (2002) reported that seasonal photoperiodicity is related to length of lactation, frequency of exposure to boar, housing, feed, light conditions, and group size. The underlying mechanism of this relationship probably involves melatonin secretion (Quesnel et al., 2005; Gourdine et al., 2006) .
Achieving a rapid modification of photoperiodicity by transferring animals between geographic regions with different photoperiods and temperatures may contribute to better understanding of the ability of the sow to adapt to climate changes. Therefore, this study investigated certain selected reproduction parameters, including age at puberty, WEI, and DE of sows that were moved from a northern EU climate region to a southern one. The goal was to improve understanding of how sows adapt to climate change.
Material and methods
Research was conducted with a Yorkshire (Y) gilt population mated with Landrace boars. These Y gilts were moved in four groups from a pig farm in Denmark (55°48′N, 9°13′W) to a commercial pig farm in south Romania (44°03′N, 23°35′W), followed by a seven-week period of acclimatization. Ages varied from 16 weeks to 30 weeks at the moment of translocation. Local climate particularities in south Romania are presented in Table 1 . The pig farm in Romania practises a weekly breeding system, in which Y gilts are artificially inseminated with Landrace sperm. The gilts are mated at 31 to 33 weeks of age. Pregnancy is confirmed 25 to 28 days after mating and reconfirmed 42 days later. Pregnant gilts are transferred to individual free-access pens. On the last Friday of gestation, pregnant gilts are transferred to individual maternity pens. Parturition is synchronized on the last Thursday morning at 08:00 using 0.7 mL of cloprostenol injected intramuscularly after which farrowing starts within 24 ± 5 hours. Farrowing takes place from Thursday evening until Sunday, and animals are maintained in this grouping. Piglets are weaned at 25 to 27 days of age (on the last Thursday). Sows are separated from weaned piglets and housed individually, being mated at oestrus. Animals were housed under natural light conditions in 10.4 m × 30.7 m pens equipped with a ventilation system and underfloor heating. Light intensity ranged between 51 and 64 lm/m 2 . A total of 697 Y gilts were monitored to determine the age to first oestrus by daily observation for vulval reddening and swelling, and testing the response to back pressure in the presence (nose-to-nose contact) of a mature boar for 5 to 10 minutes at approximately 08:00, 14:00, and 20:00 hours local time (+2 Greenwich Mean Time). For this study, puberty was defined as the age at which oestrus was first detectable. The duration of first oestrus was measured on the same gilts, and was defined as the time from the first positive back pressure of the testing response until the test was negative (hours).
The same animals, as parity-1 sows, were monitored for WEI, which was measured as the time from weaning to the time of first detected oestrus (days). Monitoring occurred during the first and the second years of adaptation, from 22 September 2013 to 21 September 2015. Each year was divided into the four commonly recognized seasons in the north temperate zone, namely autumn, winter, spring, and summer.
Gilts were assigned to eight groups of 10-day intervals, based on their age at the first observed oestrus: 161 to 170 days, 171 to 180 days, 181 to 190 days until 231 to 240 days, with 191 to 210 days considered a normal puberty interval (NPI) (Anderson, 1993) . Gilts monitored for DE were included in groups of six-hour intervals from 6 to 102 hours. A 48-to 72-hour interval was considered the normal range of DE (Anderson, 1993) .
Data were analysed with the analysis of variance (ANOVA) general linear model procedure of SAS (2002). The season and year of monitoring were independent variables. Dependent variables included age of first oestrus, WEI, and DE. The values for each dependent variable were determined separately; therefore, three sets of analyses were performed. The calculated descriptive statistics that were utilized were the mean and standard deviation. The statistical significance of the data in each year was analysed using single-factor ANOVA. When the null hypothesis was rejected within the same year of monitoring, Tukey's post-hoc test was performed to determine the season(s) with statistically significant difference. Seasons were compared between the first and second years of adaptation using a single factor ANOVA. The significance level of null hypothesis rejection was P <0.05.
Results
The percentage of gilts reaching oestrus within the limits of NPI was 43.4% (autumn), 44.6% (winter), 36.0% (spring), and 43.0% (summer), in the first year of adaptation (Figure 1 ). An increase was found in the next year: 56.5%, 48.9%, 54.3% and 44.0%, respectively. A total of 141 gilts (41.7 % of those monitored) reached oestrus in NPI in the first year of adaptation, while 183 gilts (50.9 % of those monitored) reached oestrus within the same NPI limits during the second year. No seasonal differences of NPI were observed in the first year (P =0.096); however, seasonal differences in the second year were very significant.
Figure 1
Comparative seasonal repartition of gilts based on age at puberty during two years of climate adaptation Each data point represents the percentage of gilts that reached oestrus compared with the total number monitored in that season. Intervals delimited by the thick rectangles are considered normal puberty intervals.
The mean age at the onset of puberty was lower in winter than in autumn (P =0.011), spring (P =0.002), and summer (P =0.040) in the first year of adaptation ( Table 2 ). The onset of puberty was again lower in winter than in autumn, spring, and summer in the second year (P =0.009, 0.030, and 0.029, respectively). The seasonal decrease in age at the onset of puberty from the first to second year was not high (P >0.05) except in winter (P =0.003). A combined analysis of differences between the mean age to the onset of puberty in the first and second years show differences (P = 0.022). Figure 2) . However, the percentage of gilts with extreme values (minimal or maximal) for DE decreased from the first year to the next compared with a median value, and their distribution approached a Gaussian distribution. These effects were expressed strongly in autumn and spring. The DE in the first year was lower in autumn than in spring (P =0.021) and summer (P =0.019; Table  3 ). Overall, DE increased by 6.55 hours from the first to the second year of adaptation (P =0.009). The increases were different for each season (P =0.003 in autumn, P =0.002 in winter, P =0.005 in spring, and P =0.004 in summer). Significant inter-seasonal differences were also detected during the second year.
The DE showed an upward trend during the winter-spring period (+7.5 hours), followed by a downward trend in the summer to autumn period (-5.5 hours) in the first year. The trend was similar for the second year, but with lower maximum values (+5.9 hours and -3.3 hours, respectively). Likewise, the increase in DE from year to year was highest in autumn (9.1 hours) and lowest in spring (4.3 hours). Movement of the frequency distribution of DE from the left toward the right follows the same general trend of adaptation to the new climatic conditions. The shortest WEI occurred in the winter, which was lower than in autumn (P =0.037) and in summer (P =0.010) during the first year of monitoring (Table 4) . WEI interval had an ascending trend for the winter-tosummer interval and a descending trend for the summer-to-winter interval. During the second year, the shortest WEI also occurred in winter and was again lower than in autumn (P =0.026) and summer (P =0.003), but not in spring (P =0.309). In all seasons, WEI decreased from the first to the second year (P <0.01). The mean annual value of WEI was 15.94% lower in the second year than in the first year. A combined statistical analysis of the first and second years revealed a difference in WEI between the two years of monitoring (P =0.023). 
Discussion
The time required for the gilts to adapt to a geographical and climate change resulted in increased variation of the age to first oestrus. A lower percentage of gilts reached oestrus within NPI limits, and the onset of puberty occurred at a greater age in the first year than in the second. The higher or lower ambient temperature of the season could exert a substantial effect on reproductive parameters and would also act as a stress factor (Prunier et al., 1996; Suriyasomboon et al., 2006; Einarsson et al., 2008) . This was not the case for these gilts that were permanently situated within the limits of the neutral thermal zone during the two years of monitoring.
Previous reports have explained similar differences in reproductive performance based on photoperiod variations. Gilts and sows from temperate southern Norway compared with arctic/subarctic northern Norway showed differences in puberty age, number of piglets born and parturition rate (Gaustad-Aas et al., 2004) . These data agree with those of Gaustad-Aas et al. (2004) , which showed that these age differences in the onset of puberty are climatically programmed within certain limits. That is, the hastening of puberty appears to be caused by differences in regional photoperiodism (the main environmental factor that differentiates the two regions) rather than the ambient temperature differences (which were controlled mainly for the two locations). Hutchens et al. (1978) identified seasonal differences of puberty in which gilts farrowed in spring were significantly younger (5.8 days) and significantly heavier at first oestrus than those that farrowed in autumn. A younger onset of puberty in spring and fewer gilts showing first oestrus in summer was identified by Peltoniemi et al. (2000) and Tummaruk et al. (2000) .
Seasonal differences were demonstrated by Faillace et al. (1994) as a summer-autumn seasonal infertility, whereas the level of food consumption was shown to modify the age of first mating (Tummaruk et al., 2007) . Seasonal differences in reproductive performance have been linked to seasonal photoperiodicity (Peltoniemi et al., 2000; Quesnel et al., 2005; Kraeling & Webel, 2015) .
Because the percentage of gilts with DE within the normal range increased and the variability decreased from year to year again, this signalled a stabilising effect of adaptation. Increased DE for all seasons in the second year could be interpreted as a positive result of a process of adaptation of the animals to the new climatic conditions. Changes in winter to spring and summer to autumn DE periods and maximum values obtained in autumn and the lowest in spring again suggest photoperiod-dependent effects. This finding is similar to several previous reports by Knox et al. (2002) and Kraeling & Webel (2015) .
Evaluating boar exposure on oestrus and ovulation in weaned sows, Knox et al. (2002) documented the existence of an increasing length of oestrus from January to April, a peak in April, and decreasing length in June and August. Furthermore, Kraeling & Webel (2015) affirmed that the season influences the onset of oestrus, with the onset being later in summer than in late autumn and winter. Occurrence (or maintenance) of these changes during the two years of monitoring in the present experiment illustrates the existence of seasonal influences. Because photoperiodicity could explain the differences in puberty age and DE under different climatic conditions, this calls into question the involvement of the pineal-hypothalamus-pituitarygonad axis, but the specifics of this mechanism in pigs are far from being fully explained (Prunier et al., 1996; Tast, 2002; Chokoe & Siebrits, 2009) . It also calls for a controlled study that takes into consideration all factors of ambient temperature, melatonin, nutrition, and male effects, together with their interactions.
Another factor of DE influence is WEI itself: while WEI is under the influence of several factors, WEI itself decreases the DE, that is, a shorter WEI (3 to 4 days) induces a longer oestrus (6 days) while a longer WEI induces a shorter oestrus (Kemp & Soede, 1996) .
Normally, WEI lasts from three to five days (Anderson, 1993 , Kraeling & Webel, 2015 . A decrease of the annual mean and ranges of WEI during climate adaptation reveals that the adaptation process is positive, suggesting that the sows have adapted to the new climatic conditions. Taking into account the geographic region, an increase of WEI during the winter-summer interval and a subsequent decrease during the summer-to-winter interval could be caused by environmental photoperiodicity and temperature. According to Gaustad-Aas et al. (2004) , a significantly lower proportion of sows from northern Norway (65-71°N) were mated or inseminated within five days of post-weaning compared with those from southern Norway (59-60°N), although environmental temperatures were within the neutral zone limits. Gourdine et al. (2006) noted that reproductive performance of Large White sows under tropical and humid climatic conditions in Guadeloupe (16°N) had a mean WEI of 4.61 days in both hot and warm seasons. Knox et al. (2002) reported results for North America, with an average WEI of five days. Smaller decreases in WEI from the first year to the next are associated with summer and autumn and are recognized for their lower reproductive performance (Prunier et al., 1996; Kraeling & Webel, 2015) . WEI was also found to be slightly longer in summer, autumn, and winter than in spring (Knox & Zas, 2001 ) and longer in June compared with February to April (Knox et al., 2002) . Parity-1 sows are more susceptible to lower reproductive performance in summer with prolonged WEI and delayed puberty (Kraeling & Webel, 2015) . Koketsu & Dial (1997) also observed that spring-parturition sows have longer WEI.
WEI has been reported to be affected by other factors such as parity (Knox & Zas, 2001 ), climate seasonality (Gourdine et al., 2006) , length of lactation (Mabry et al., 2006) , and amount of feed intake (Knox & Zas, 2001; Gourdine et al., 2006) .
Conclusions
Gilts translocated between temperate climates from northern to southern Europe support a process of photoperiod-dependent climate adaptations of oestrus parameters. Seasonal effects on oestrus parameters, especially in winter, become more pronounced from the first year of adaptation to the second, in that puberty occurs earlier, WEI shortens, and DE becomes longer. The degree of variation decreases over the adaptation period for the age at which puberty occurs and DE. This results in a grouping effect for the gilts around the mean age of puberty and DE.
